ratio microRNA target site is associated with daily body weight gain and feed conversion acid composition in muscle and fat tissues, but its polymorphism within the putative gene has no effect on fatty stearoyl-CoA desaturase Transcript abundance of the pig
INTRODUCTION
Fatness traits are important in pig production due to their correlation with fattening effi ciency and pork quality, including technological and nutritional properties of meat products. Two main fatness traits, back fat thickness (BFT) and intramuscular fat content (IMF), are highly heritable and their heritability coeffi cients are around 0.5 (Switonski et al., 2010) . Fatty acid composition (FAC) in IMF is crucial for the dietetic value of meat and determines its oxidative stability. Multiple environmental and genetic factors contribute to the variability in FAC among individuals and breeds (Wood et al., 2008) . Genome scanning revealed numerous QTL regions for IMF as well as FAC (Clop et al., 2003; Rothschild et al., 2007; Guo et al., 2009 ), but until now only the polymorphism of the IGF2 gene was unambiguously demonstrated to be responsible for porcine fatness and meatiness (Van Laere et al., 2003; Burgos et al., 2012) . To date, FAC in pork has been Transcript abundance of the pig stearoyl-CoA desaturase gene has no effect on fatty acid composition in muscle and fat tissues, but its polymorphism within the putative microRNA target site is associated with daily body weight gain and feed conversion ratio 1 ABSTRACT: Fatty acid composition in porcine intramuscular fat affects the dietetic value and technological properties of meat. The stearoyl-CoA desaturase (SCD) gene is a strong positional and functional candidate for fatty acid composition. Our sequence analysis in 4 breeds (Duroc, Pietrain, Polish Landrace, and Polish Large White) revealed a novel SNP in the 5′-fl anking sequence and 9 novel SNP and 2 novel indels in the 3′ untranslated region (UTR). Transcript level of the SCD in subcutaneous fat was signifi cantly greater than in muscle tissue (n = 83; P < 0.001) and the interbreed comparison revealed a greater transcript level in the fat tissue of Polish Landrace (P < 0.01). We found no association between the abundance of the SCD transcript and fatty acid composition in any of the tissues. We performed an association analysis between 4 SNP (c.-353C > T, c.-233T > C, c.*164A > G, and c.*928G > C), 1 indel (c.*2574_2576delGTC), and production traits in Polish Large White (n = 185) and synthetic line 990 (n = 243). The most pronounced associations were observed for the c.*928G > C polymorphism, which occurs within a predicted target site for 2 microRNA (ssc-miR-185 and ssc-miR-491). In line 990, this polymorphism was signifi cantly associated with daily BW gain (P < 0.04 under the general model) and feed conversion ratio (P < 0.0004) but not with fatness traits. The same tendency, but not signifi cant, was observed in the Polish Large White breed. When both breeds were analyzed together, these associations were again highly signifi cant (daily BW gain P < 0.003; feed conversion ratio P < 0.0001). We conclude that c.*928G > C is a promising marker for both porcine traits.
found to be linked exclusively to polymorphisms in the FABP3 gene (Lee et al., 2010) Candidate genes for fatness and FAC include the stearoyl-CoA desaturase (SCD) gene, which encodes the stearoyl-CoA desaturase enzyme that plays a crucial role in the biosynthesis of MUFA. The expression of the SCD gene is ubiquitous in porcine tissues (Ren et al., 2004b) and is regulated by fatty acids, because in its promoter several consensus sequences, including PUFA response element, play an important role in expression regulation of this gene (Zulkifl i et al., 2010) .
The SCD gene was assigned to pig chromosome 14 (SSC14q27) within the QTL for FAC in subcutaneous and perirenal fat (Ren et al., 2003; Uemoto et al., 2012b ).
We hypothesize that expression level, dependent on polymorphism in the regulatory sequence of the SCD, can be associated with energy metabolism (accumulation of fat tissue) and FAC. Therefore, the aim of the present study was a search for novel polymorphisms in the 5′-fl anking sequence and the 3′ untranslated region (UTR) of the pig SCD gene along with association analysis between SCD transcript level and FAC in muscle and fat tissues as well as between the SCD polymorphism and production traits in pigs.
MATERIALS AND METHODS
The study was accepted by a local Bioethical Commission for Animal Care and Use in Poznan (Poland).
Animals
To study the SCD gene polymorphism, transcript level, and FAC, we analyzed 83 unrelated gilts of 4 breeds: Duroc (n = 21), Pietrain, (n = 12), Polish Landrace (n = 25), and Polish Large White (n = 25). The association of the SCD gene polymorphism with productive traits was analyzed in 2 groups of gilts, representing Polish Large White (n = 185, descended from 21 sires and 101 dams) and synthetic line 990 (L990; n = 243; descended from 46 sires and 138 dams). The L990 was derived from crossing Polish Large White, Duroc, Hampshire, and 3 lines of Landrace pigs and has been a closed population from 1984. The gilts were reared under identical conditions in a local Pig Testing Station (Pawlowice, Poland) and individually fed ad libitum with commercial fodder. After slaughter at 100 kg of BW, the carcasses were dissected.
Screening for Gene Polyhmorphism and Genotyping
Genomic DNA was isolated and purifi ed from blood samples by using a Blood Mini Isolation Kit (A&A Biotechnology, Gdansk, Poland). The PCR primer designation was based on the GenBank sequence accession number AY487830. Altogether, 10 primer pairs were designed using Primer3Plus tool (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) and synthesized by Sigma Aldrich Chemie GmbH (Steinheim, Germany). These PCR primers covered 819 bp of the 5′-fl anking region (2 primer pairs) and the whole 3′ UTR, 3,848 bp long (8 primer pairs). Each PCR mix comprised approximately 50 μM DNA, 0.25 mM of each primer, 0.125 mM of each deoxyribonucleotide triphosphate, and 0.75 units of Taq Polymerase (EURx, Gdansk, Poland) in a total volume of 20 μL. Primer sequences, PCR conditions, and amplicon lengths are given in Table 1 . The amplifi cation was conducted in a PTC-200 thermocycler (MJ Research, Watertown, MA). The overall PCR conditions were as follows: preliminary denaturation at 94°C for 5 min, 36 cyclhes of 94°C for 30 s (denaturation), 59 to 65°C for 30 s (primer annealing at a temperature specifi c for the analyzed fragment), 72°C for 30 s (extension), and the fi nal extension at 72°C for 10 min. Screening for polymorphisms was performed by direct sequencing of the amplifi ed DNA fragments. Before sequencing, all amplicons were treated with exonuclease and alkaline phosphatase (Fermentas, ABO, Gdańsk, Poland) . Dideoxynucleotides were incorporated during amplifi cation by using a BigDye Terminator Sequencing Kit (Applied Biosystems, Warsaw, Poland). The DNAsequencing products were subsequently purifi ed by gel fi ltration on Sephadex G-50 (Sigma Aldrich Chemie GmbH) and analyzed by capillary electrophoresis on an ABI 3130 Genetic Analyzer (Applied Biosystems).
Genotyping was performed by direct sequencing (c.-353C > T, c.-233T > C, and c.*2574_2576delGTC) or PCR-RFLP test using these endonucleases: BfmI (c.*164A > G) and MunI (c.*928G > C; Fermentas, ABO). Digestion procedures were performed according to the manufacturer's protocols. Restriction endonuclease products were separated in 2% agarose gel.
We used Transcription Element Search Software (http:// www.cbil.upenn.edu/cgi-bin/tess/tess, the TRANSFAC version 6.0 public database) to search for potential transcription factors binding sites in the 5′-fl anking region.
Polymorphic sequences in the 3′ UTR were analyzed as potential targets for microRNA (miRNA). Two independent bioinformatic tools, MicroInspector (Rusinov et al., 2005) and RNAhybrid (http://bibiserv.techfak.unibielefeld.de/rnahybrid/submission.html), were applied to determine whether the identifi ed polymorphisms alter miRNA binding sites.
Expression of the SCD Gene
Transcript abundance of the SCD gene was measured in LM and back fat tissue in 4 breeds (n = 83). Total RNA was isolated from the muscle and back fat samples by using TriPure Isolation Reagent (Roche Diagnostics, Warsaw, Poland) and suspended in nuclease-free water (Ambion, Heidelburg, Germany). The RNAh quality and quantity were assessed using the NanoDrop spectrophotometer (Thermo Scientifi c, Wilmington, NC). The ratio of absorbance at 260 and 280 nm was used to assess the purity of RNA. A ratio of 2.0 was accepted for the RNA samples submitted for expression analysis. Samples of RNA in equal concentrations were subjected to reverse transcription with random primers and oligodT supplied by Roche Diagnostics. The real-time PCR analyses were run in duplicate by using LightCycler 2.0 (Roche Diagnostics). SYBR-Green was chosen for continuous fl uorescence monitoring. Under the assumption that the reverse transcription effi ciency is the same in all samples, the DNA standard curve was used for assessing relative quantifi cation of RNA. The standard curve was constructed using serial 10-fold dilutions of the purifi ed PCR product for both the reference genes and the SCD gene. The relative amount of transcripts was determined by comparing to the geometric mean for 2 reference genes (ACTB and PPIA). The real-time PCR primers were designed to cover 2 neighboring exons ( Table  2 ). The PCR mix comprised 0.5 μL of LightCycler Fast Start DNA master SYBR Green I (Roche Diagnostics), 5 mM MgCl 2 (Roche Diagnostics), 0.4 μM of primers, and 3 μL of cDNA. The PCR conditions were as follows: initial denaturation at 95°C for 10 min, 40 cycles of denaturation at 95°C for 10 s, annealing at 63°C for 2 s, and elongation at 72°C for 8 s.
Fatty Acids Analysis
Fatty acid composition (in weight percentage of total fatty acid content) was measured by gas chromatography in LM and back fat in the 4 breeds (n = 83) and reported elsewhere (Klensporf-Pawlik et al., 2012) . Shortly, tissues were homogenized and total lipids extracted using a chloroform:methanol 2:1 (vol/vol) according to Folch et al. (1957) . Fatty acids methyl esters, prepared by esterifi cation with sodium methoxide, were resolved on a Hewlett-Packard (Waldbronn, Germany) HP 6890 gas chromatograph equipped with a Supelcowax-10 capillary column (30 m by 0.32 mm by 0.25 um) and a fl ame ionization detector and identifi ed based on comparison with commercially available standards (Supelco, Bellefonte, PA). Analysis was run in a programmed temperature (80°C and then 12°C/min to 210°C for 10 min). All analyses were run in triplicate.
Association Between SCD Transcript Level and Fatty Acid Composition
We calculated the Pearson correlation coeffi cients (r) between the transcript abundance of the SCD gene and the abundance of each fatty acid. Before the calculation this procedure had been used to reduce skewness and the effect of breed: fi rst the data on the relative transcript level within a tissue was transformed to log scale and checked for outliers with the rm.outlier procedure from outliers library under R environment (R Development Core Team, 2008) . Then the transformed transcript abundance was analyzed in the fi x linear model (lm procedure under R) that included only the effect of breed, and the residuals from this model were extracted. Similar procedure (except log transformation) was used for each fatty acid content within tissue. The residuals from the 2 models were used to calculate the Pearson correlation, which was then tested with t-statistic (cor. test procedure under R). The total number of tests was 28 (14 fatty acids × 2 tissues); therefore we used a false discovery rate (FDR) controlling procedure realized by the 'q-value' library for R environment to correct for multiple testing (28 P-values) . The q-value of an individual hypothesis test is the minimum FDR at which the test may be called signifi cant.
Association between the SCD Gene Polymorphism and Production Traits
We performed an association study between SCD polymorphism and the production traits recorded for gilts of Polish Large White and L990 (n = 428). Altogether, we considered 12 fatness and performance traits: BFT (mm; 7 measurements), abdominal fat weight (g), lean meat yield (%), IMF, postweaning ADG (g), and feed conversion ratio. The BFT measurement was taken after slaughter with a ruler over the shoulder (over the back at the sacrum; points I, II, and III) and at C1 (on a vertical line extending from the height of the LM) and K1 (on a vertical line extending from a side edge of the LM). Lean meat yield was calculated from this formula: y = 100% × (1.745 × x 1 + 0.836 × x 2 + 0.157 × x 3 -1.884)/ x 4, , in which y is lean meat yield, x 1 is weight of ham without skin and back fat (kg), x 2 is weight of loin without back fat plus tenderloin (kg), x 3 is loin eye height plus double loin eye width (cm), and x 4 is chilled carcass weight (Tyra and Zak, 2012) . The IMF was measured using the SOXTEC AVANTI 2050 automatic extraction system (Foss Tecator, Hoganas, Sweden) and analyzed in the log-transformed scale. Postweaning ADG was calculated for the fattening period from 25 to 100 kg BW. Feed conversion ratio was calculated as a ratio of the consumed feed (kg) and BW gain during the fattening period (kg).
The genotypic effects of SCD were tested under the general linear model, which included fi xed effects of breed (for across-breed analysis only), genotype at the SCD polymorphic site, genotype at RYR1 (c.1843C > T), age at slaughter as a covariate (only for fatness traits), and random effect of sire (relationships among sires were ignored). Similar model was used to compare 2 observed haplotypes within SCD gene (c.-353C > T and c.-233T > C). Post hoc differences between genotypes were identifi ed by using Tukey-Kramer test, with a signifi cance value set at P < 0.05. Moreover, we tested additive effect of the SCD polymorphism. The additive effect of an allele was estimated as a regression coeffi cient on the number of copies of the allele in the genotypes of individual gilts. All association tests were conducted with Mixed procedure (SAS Inst. Inc., Cary, NC). In total we calculated 96 tests for associations between production traits and genotypes or haplotypes under general model (excluding post hoc tests). To control false positives we run separate FDR procedure on 96 P-values as described above.
RESULTS AND DISCUSSION

SCD Gene Polymorphism
The pig SCD gene spans a transcription unit of approximately 16 kb and consists of 6 exons (ranging from 131 to 4,048 bp) and 5 introns (ranging from 518 to 4,784 bp). The 5′ UTR and 3′ UTR are 176 and 3,848 bp long, respectively (Ren et al., 2004b) .
Sequence analysis of the 5′-fl anking (819 bp) and the entire 3′ UTR (3,848 bp) of the SCD gene revealed 16 polymorphic sites (Table 3 ). In the 5′-fl anking region, we found 3 SNP (c. Ren et al. (2004a,b) whereas the other 10 SNP and the 2 indels are novel. The identifi ed novel polymorphisms were submitted to db-SNP, the National Center for Biotechnology Information (NCBI) database for minor genetic variation discovery data (Table 4) .
To our knowledge, a total of 23 SNP were previously identifi ed in the porcine SCD. Among them, 15 are located in introns, 3 in the 5′-fl anking region, 4 in the 3′ UTR, and 1 (silent substitution) in exon 2. Moreover, 2 indels (intron 4 and intron 5) were also described (Ren et al., 2004a,b) . The polymorphism reported by Ramos et al. (2008) in intron 1 (c.27+41A > G) appeared to be the same as the 1 described previously by Ren et al. (2004a) . Together with our current data, there are in total 33 known SNP and 4 indels in the pig SCD gene.
The in silico analysis suggests that c.-353C > T may decrease the binding probability of the transcription factor (TFAP2A) and, on the other hand, creates a function-al binding site for another transcription factor (FOXC1). Furthermore, the c.-233T > C disrupts binding sites for 2 transcription factors (GATA1 and GATA2). None of the identifi ed polymorphisms of the 5′-fl anking region was localized within the PUFA response element, which spans the sequence between nucleotides c.-553 and c.-515. The most important fi nding was the c.*928G > C polymorphism, which occurred in a potential target site for miRNA (ssc-miR-185 and ssc-miR-491) that are expressed in porcine muscle (Huang et al., 2008) and adipose (Li et al., 2011) tissues.
Based on the relatively even distribution and/or localization within the potential consensus sequences for transcription factors in the 5′-fl anking region or miRNA target site in the 3′ UTR, we preselected 4 SNP (c. 
SCD Transcript Level in Relation to Fatty Acid Composition
The mean abundance of the SCD transcript in subcutaneous tissue was much greater than in LM (log scale: -1.92 ± 0.143 vs. -3.56 ± 0.098; P < 0.001). In addition, the mean transcript level in subcutaneous fat tissue of Polish Landrace was greater than in other breeds (Polish Landrace -1.10 ± 0.289 vs. other breeds: Duroc -2.22 ± 0.231, Pietrain -2.17 ± 0.258, and Polish Large White -2.18 ± 0.294; P < 0.01). The correlation of the SCD transcript level in LM and subcutaneous fat tissue was low (r = 0.14; P < 0.19, corrected for breed effect). We found no convincing evidence on linear relationship between transcript level of the SCD and FAC. Concerning LM, the greatest correlations were calculated for saturated acid C17:0 (r = -0.31; P < 0.006; q-value = 0.151) and unsaturated acids C17:1 (r = -0.23; P < 0.042; q-value = 0.392) and C18:2 (r = -0.24; P < 0.030; q-value = 0.392). No significant correlations were identifi ed within the subcutaneous tissue. We also observed an unexpected positive correlation between transcript level in subcutaneous tissue and the level of PUFA C18:3 in LM (r = 0.27; P < 0.015; individual test error rate). Our study shows that the abundance of the SCD transcript cannot be considered as a biomarker for FAC in porcine muscle or subcutaneous fat.
We did not analyze association between SCD polymorphism and its transcript level due to a small number of the alternative homozygotes. On the other hand, the observed between-breed differences in transcript level under the same environmental conditions (e.g., feeding, BW at slaughter) suggest that genetic components are responsible for the observed differences. Such differences were also observed by Zhao et al. (2009) who compared the SCD transcript abundance in muscle tissue of a local, fat Chinese breed, Wujin, and Landrace breed. In the Wujin breed this level was significantly greater. Also Smith et al. (1999) The asterisk symbol (*) denotes that the next number indicates nucleotide position after the last nucleotide of the stop codon.
2 All sequences were given in the 5′→3′ direction at Iowa State University on April 2, 2013 www.journalofanimalscience.org Downloaded from presented by Cánovas et al. (2009) who analyzed SCD protein level in 2 groups of barrows; the fi rst was selected for decreased BFT at constant IMF and the second was unselected (control). The authors reported that SCD protein content was decreased in the experimental group selected for decreased BFT.
Relationship Between SCD Polymorphism and Fatty Acid Composition
Due to the uneven distribution of the SCD polymorphisms in our sample, we were unable to test their effect on FAC. However, our observations imply that potential polymorphisms infl uencing transcription rate and transcript degradation of the SCD gene are unlikely to have a large effect on FAC. Because it is expected that variation in the observed transcript abundance accounts only for a part of variation in the corresponding enzyme abundance, our results do not exclude the possible relationship between the level of this enzyme and FAC. Furthermore, our results suggest that previously identifi ed effects of the SNP (c.-353C > T and c.-233T > C) on FAC in Duroc are indirect associations or the polymorphisms regulate SCD enzyme activity through a mechanism other than transcript level (Uemoto et al., 2012a) .
There are several studies reporting associations between polymorphism in the promoter region of the SCD gene and FAC. However, only 1 of them regards the pig. Uemoto et al. (2012a) analyzed SFA (C16:0 and C18:0) and MUFA (C16:1 and C18:1) contents in subcutaneous, intra-, and intermuscular fat in Duroc and found that the haplotype C-T (c.-353C > T and c.-233T > C) correlated positively with the concentration of SFA and negatively with MUFA in all the tissues. Also, polymorphic variants of the bovine SCD gene were found to be associated with the proportions of several fatty acids in muscle and adipose tissues (Bartoň et al., 2010; Matsuhashi et al., 2011; Orrù et al., 2011; Li et al., 2012) . The nonsynonymous polymorphism g.10329C > T, causing alanine to valine substitution at position 239, was associated with MUFA content (Taniguchi et al., 2004) . Bartoň et al. (2010) noticed that the CC genotype in Fleckvieh bulls correlates with the greater contents of C14:1 and C18:1 but not with C16:1 in muscle and subcutaneous fat. Orrù et al. (2011) confi rmed the desaturation effect of the C allele of the SCD1 gene exclusively on stearic acid (C18:0) in Simmental bulls. The association of the polymorphism g.10329C > T with the fatty acid profi le was also analyzed in brisket adipose tissue on cross-bred beef steers (Li et al., 2012) . The effect of the CC genotype on a wide range of SFA and MUFA identifi ed by Li et al. (2012) was in agreement with the results reported earlier by Bartoň et al. (2010) . According to Bartoň et al. (2010) , the CC genotype was signifi cantly associated with reduced concentrations of saturated acids (C10:0, C14:0, and C20:0) and greater concentrations of monounsaturated acids (C14:1, C16:1, and C18:1).
Association Between SCD Polymorphisms and Production Traits
We analyzed the association between production traits and the polymorphisms c.*928G > C and c.*2574_2576delGTC in the SCD gene (3′ UTR) in 2 samples of gilts representing Polish Large White (n = 185) and L990 (n = 243). The c.*928G > C polymorphism within the putative target site for 2 miRNA expressed in muscle and fat tissues was signifi cantly associated with daily gain and feed conversion ratio in L990 but not with fatness ( Table 5 ). The gilts with genotype CC had a greater daily gain (42 ± 17 g compared with alternative homozygote GG; Tukey-Kramer adjusted P < 0.0336) and better feed conversion ratio (-0.283 ± 0.070; adjusted P < 0.0002). The results for L990 suggested an additive mode of inheritance for the c.*928G > C polymorphism, and further computation under this model showed that each copy of the C allele increased daily BW gain by 28 ± 8.24 g (19% of SD for this trait) and improved conversion ratio by 0.14 ± 0.035 (33% of SD for this trait). Similar trends, although nonsignifi cant, were also observed in Polish Large White. Finally, the across-breed analysis also brought strong evidence for associations for both the traits: daily BW gain (P < 0.0032 for the general model) and feed conversion ratio (P < 0.0001 for the general model). Polish Landrace and L990 samples strongly differed in the frequency of the CC genotype, which might create confounding effect in the across-breed analysis although our statistical model included the effect of breed. Therefore, in additional analyses we excluded the CC gilts from the data and compared only the remaining genotypes GC (n = 166) and GG (n = 201). These 2 genotypes still differed in both the daily gain (P < 0.037) and feed conversion ratio (P < 0.022).
The above results indicate that polymorphism within 3′ UTR of the SCD gene may be associated with performance traits in pigs. This needs, however, further confi rmation because our association study was based on a limited sample, and therefore false positive results could not be excluded. It must be noted that daily BW gain and feed conversion ratio are negatively correlated traits (Pearson correlation was -0.67 in Polish Large White and -0.68 in L990); however, only feed conversion ratio occurred signifi cant in L990 after correction for multiple testing. These relationships are quite surprising due to the lack of QTL for these traits in the region of the pig chromosome 14, harboring SCD gene (http://www. animalgenome.org/QTLdb/app). The only 2 QTL reported for this region, which are related with production traits, are BW and belly weight. On the other hand, it is known that knockout of the mouse SCD1 gene results in a wide range of effects, including greater metabolic rate, decreased accumulation of adipose tissue, downregulation of genes involved in lipid synthesis, and increased insulin sensitivity (Ntambi et al., 2002) . Taking these observations into account, it was proposed that activity of this gene is related with BW control. Body weight gain (mainly due to fat tissue accumulation) is associated with high activity of the SCD1 enzyme whereas BW loss with its low activity (Dobrzyn and Ntambi, 2004) . In our in silico analysis, with the use of MicroInspector and RNAhybrid softwares, we found that porcine wild allele (G allele), at the c.*928G > C polymorphic site, creates a target binding sequence for 2 miRNA (miR-185 and miR-491) whereas the C allele causes an impaired target sequence. Therefore, one can speculate that the C allele is responsible for an elevated expression of the SCD gene, due to its ineffective posttranscriptional downregulation by miRNA. As a consequence, decreased metabolic ratio may increase daily BW gain and improve feed conversion ratio.
The SNP c.*928G > C showed a statistically significant effect on performance phenotypes in L990 but not in Polish Large White. This discrepancy between breeds may be due to a breed-specifi c association, false association in L990, or simply a reduced power of the association tests in Polish Large White, where the C allele was in low frequency. Interestingly, the preferable the C allele was also the minor variant in L990. If the SNP c.*928G > C is really associated with performance in gilts, we can speculate that there must also be some negative pleiotropic effect of this variant or other unknown variant being in linkage disequilibrium with the C allele, which is responsible for low or medium frequency of the C allele in Polish Large White and L990, respectively. The across-breed analyses involving c.*2574_2576delGTC polymorphism detected associations with 2 BFT measurements (on the back: P < 0.030 and q-value = 0.19; point K1: P < 0.048 and q-value = 0.49) and abdominal fat (P < 0.033; q-value = 0.41). The effect of the indels on BFT on the back was also significant when Polish Large White was analyzed separately (P < 0.040; q-value = 0.44). The SNP c.*928G > C and indel c.*2574_2576delGTC were in linkage disequilibrium in L990 [D′ = 0.98; r 2 = 0.35] but not in Polish Large White (D′ = 0.14; r 2 = 0.01). D′ is a rescaled version of the classic measure of linkage disequilibrium (D), ranging from 0 to 1 and accounting for differences in allelic frequencies.
We also performed 2 other association analyses between production traits in Polish Large White and the haplotypes C-T and T-C in the 5′-fl anking region (c.-353C > T and c.-233T > C) and between the production traits in Polish Large White and the individual SNP c.*164A > G in 3′ UTR. The only suggestive result from these analyses was the increased BFT at point K1 in the genotype group C-T/C-T compared with the group C-T/T-C (by 1.1 ± 0.5 mm; P < 0.048; q-value = 0.49). In contrast, Ren et al. (2004a) found no effect of the SNP c.-233T > C on BFT in Duroc pigs.
The growing interest in regulatory regions of candidate genes for pig production traits has recently facilitated pinpointing of a few more genes exhibiting signifi cant effects on daily BW gain in different breeds and crossbreds. The associations include SNP in the 3′ UTR of JHDM1A, PLIN2, and TXNIP genes, 5′ UTR in CCKAR, and promoter region of TXNIP (Houston et al., 2006; Yu et al., 2007; Davoli et al., 2011; Peng et al., 2011) . We showed in this study that the polymorphism of regulatory sequences of the SCD may also contribute to the variability of growth rate and conversion ratio in commercial pig breeds or synthetic lines. The available data did not allow us to determine whether the c.*928G > C polymorphism is functional. In conclusion, we discovered 10 new SNP and 2 new indels in the pig SCD gene: in the 5′-fl anking region (819 bp) and the 3′ UTR (3,848 bp). Our data show that these regions are highly polymorphic, and some of the polymorphisms occur within potential consensus sequences for transcription factors or target sequences for interfering miRNA. Therefore, the effect of the selected polymorphisms on the gene expression should be elucidated in future studies. However, it should be pointed out that the transcript abundance of the SCD gene in muscle and subcutaneous tissue appeared to have no considerable effect on FAC. The most promising result of our study is the evidence that the c.*928G > C polymorphism in the 3′ UTR, altering the putative target site for 2 miRNA (ssc-miR-185 and ssc-miR-491), explains a signifi cant part of phenotypic variability in daily gain and feed conversion ratio. A pronounced effect of this polymorphism in synthetic line 990 and a similar trend in Polish Large White, although nonsignifi cant, and the highly signifi cant association observed for the both groups suggest that SCD may be a candidate marker for daily gain and feed conversion ratio in pigs.
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